ABSTRACT
Introduction
The spleen is currently injured in the abdominal trauma, but was well know the relationship between splenectomy and increased occurrence of infections 1 .
Thereafter, several surgical procedures to preserve the injured spleen were proposed, most of them using the laparotomy via, using surgical sutures and ligatures to the vascular pedicle and other topic haemostatic maneuvers. However, these procedures involved the use of surgical thread or foam that acting as foreign bodies and promote local inflammatory reaction and hinders the healing process 1 . Furthermore, the sutures are difficult by the soft and friable consistency of spleen parenchyma.
The treatment of these injuries with biological adhesive seems to be advantageous to avoid the use of sutures or foam, the compound is completely absorbed in a few days 2 and is not associated to foreign body granuloma 3 .
The biological adhesive of fibrin allowed a new approach to the bleeding spleen trauma, initially by laparotomy 4 , and recently by laparoscopic via 5 . The polymerization of the adhesive is effective independently of the integrity of the coagulation cascade or the platelets count, and this may be an advantage in patients with coagulopathy diseases or under the effect of anticoagulant drugs 6, 7 .
Our purpose is verifying the effectiveness of fibrin glue, used by laparoscopic via, in comparison to the conventional suture into promote the hemostasis of a standard spleen injury on a heparinized experimental porcine model.
Methods
The experimental protocol (#1364/07) was approved After T20 was performed medium laparotomy in animals of all groups. To estimate the blood loss during the period of twenty minutes of observation, the amount of blood collected in the abdominal cavity was carefully drained with dry gauze. For each gram of the weight (difference between dry and wet weight of the gauze) was considered as the loss of a milliliter of blood.
The gross aspects of spleen injury and the fibrin clot was evaluated and photographed. The spleen was collected for further microscopic study. catheter syringes
Results
Our data were exposed in the following tables and figures. of pulmonary artery pressure (mm Hg) in the periods T0
(beginning of surgical procedures), T10 (ten minutes after), T20
(20 minutes after) in the animals of GHA (heparin plus adhesive), GH (heparin only) and GS (without heparin or adhesive). There are no significant differences (Kruskal-Wallis test) among the groups and no significant differences (Friedman and Wilcoxon tests) among the elapsed times. 
Discussion
Our data has support for the idea that fibrin glue is effective in promoting the repair of a spleen injury in an animal under effect of anticoagulant substance. This was evident by the significantly smaller amount of blood collected in the abdominal cavity in the animals in which the injury was treated with the adhesive in comparison to the group that did not receive any treatment.
The treatment of spleen injury is a challenge even in patients without any coagulation disorder. In patients using anticoagulant or thrombolytic therapy, the literature advocates the reversal of anticoagulation followed by emergency splenectomy 8 . 
TO

Fibrin clot
Since the demonstration of the importance spleen parenchyma to the immunological integrity of the individual, surgical treatment tries to be as conservative as possible while preserving as much spleen tissue as possible 1 .
Laparoscopy has brought an important step in reducing time and trauma surgery, but the suture of the lesion or its packing with haemostatic foam are still not free from technical difficulties or unsatisfactory results 9 . The surgical adhesive fibrin proved to a viable option for making the operative time less and serves as an alternative to suture or foam materials 10 .
Aiming to test the effects of the association of adhesive application through laparoscopy approach in an animal under the action of anticoagulant drug we use a model in medium-size animal like the pig. The morphology aspect of the porcine spleen is similar to the human being as a reliable model. The sample was homogenous since all animals were male and had body weight equivalent (Table 1) .
Among the surgical adhesive available fibrin glue was chosen because it does not produce exothermic reaction during the polymerization process, be reabsorbed by the organism without foreign body granulomas formation and stimulates the healing process. The two components of the adhesive are mixed at room temperature and inserted through the double lumen cannula. Thus, for the animals of GHA the elapsed time was slightly longer, but not significantly from to other two groups (Table 1) .
No significantly body temperature was recorded (Table 2) , except a mild decrease on T20 in the GHA, although no attempt was made to keep the temperature of the animals at 37°C. It is well known that the blood clot formation is delayed when the temperature is below 37°C 12 , as result of inhibition of enzymatic reactions of the coagulation cascade induced by hypothermia 13 . The body temperatures in all groups were lower of 37°C, probably due to anesthesia procedures and surgical trauma.
Despite the initial temperature be less than 37°C there was no significant difference throughout the period of observation (T0, T10 and T20). We consider that mild hypothermia (GHA /T20) as favorable to our model, since there is report that APTT is increased in these situations 14 . Thus, in addition to the bleeding disorder due to heparin also had hypothermia acting as facilitating factor in the bleeding of spleen injury. Despite hypothermia, fibrin clotted quickly and was effective in producing stop the bleeding.
The device especially designs for promote a standard trauma caused a minor injury in the spleen parenchyma with a mild blood loss. The blood loss estimated in the animals of GH was three times higher than that of animals which was treated with fibrin and two times higher than the control group who did not use the heparin (Table 1) . A blood loss, perhaps by short-term observation, was not enough to cause significant hemodynamic disorders. The cardiac rate, means arterial pressure, pulmonary artery pressure showed no significantly differences in either heeding three times (T0, T10 and T20) in each group or even in groups with each other (Tables 3, 5 and 6 ). The cardiac output (Table 4 ) had a slight decrease at T10 and T20 in relation to the initial time (T0) in groups with heparin and the control group. In animals that received the fibrin the blood loss was lower and, as expected, there was no change in the cardiac output.
The effectiveness of heparin was confirmed by the determination of APTT which is commonly used for their sensitivity and accuracy ( Figure 3 ). In this study it was found that the dose of heparin used (200 U/kg) was sufficient to produce an anticoagulant effect in animals of Groups HA and H.
Moreover, the model has some limitations that should be explored in further research. The degree of splenic injury should be applied to produce more severe injuries; the patch should be applied more deeply in the wound; hypothermia should be investigated to determine their actual influence on the results; more severe injuries may cause more severe hemodynamic changes that may influence the clotting ability of the adhesive.
This research opens the possibility of using fibrin glue 
Conclusion
The fibrin biological adhesive applied by laparoscopy is effective for hemostasis of minor spleen injury in a porcine model under the effect of anticoagulant drug.
